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other ; and that he, thus judged, evidently takes his place amongst the 
memhers of the suborder Anthropoidea. 

A list of the principal osteological variations presented by the several 
groups and genera of the order, before unmentioned, was then given ; and 
the author concluded by stating what he believed to be the degrees of affi- 
nity existing between the various forms, as far as could be ascertained from 
the consideration of the appendicular skeleton exclusively. 

January 17 ^ 1867. 

WILLIAM SPOTTISWOODE, Esq., Vice-President, iii the Chair. 

The following communications were read :-— 

I. ^^ Actinometrical Observations among the Alps, with the Descrip,- 
tion of a new Actinometer.''*^ By the Eev. George C. Hodgkin- 
soN. In a Letter to Professor Stokes, Sec. R.S. Communicated 
by Professor Stokes. Received December 2, 1866. 

Sir, —I have the honour to forward you an account of some actinome- 
trical observations made last summer on the summit of Mont Blanc and at 
Chamonix, and at the same time to thank the Committee of the Royal 
Society for the grant which they were so good as to vote me for that object. 

I reached Chamonix on the 7th of July, in bad weather, which had been 
prevailing for some time, but which ushered in a fine week very opportunely 
for mj work. After allowing a few days for the weather to settle and for 
the snow to consolidate, I left Chamonix in the afternoon of Friday the 13th 
for the Grands Mulcts, having previously arranged for a corresponding 
series of observations being taken the next morning in the valley. Leav- 
ing the Grands Mulcts at about 2^ a.m. on the 14th, I reached the summit 
of Mont Blanc about 8 a.m., and proceeded at once to work. 

I had brought with me from England two of Newman's mountain-baro- 
meters, a thermobarometer of Casella, six small thermometers graduated on 
the stem (three for the dry-, and three for the wet-bulb observations), 
three of the tubes described in Appendix (A), with two of the actinometers 
in each. I carried besides an aneroid by Cooke, which proved to be of 
excellent quality. The third set of apparatus was taken in some faint hope 
that I might be able to arrang;e for a third set of simultaneous readings at 
the Grands Mulcts. In this I was disappointed.. Notwithstanding the 
greatest care had been taken, one of the barometers was found on the Bre- 
vent on the 9th to be deranged, and one of the actlBometers to be broken ; 
and on the 12th a second actinometer was broken at Chamonix by an acci- 
dent. I thought it best to leave the remaining harometer for the valley 
observations, and to depend upon the thermobarometer, as being more por- 
table and less liable to fracture, for the readings on the summit. I was 
eventually obliged to rest satisfied with a single observation of this ; and 
the downward range of the small thermometer tinfortunately proved too 

2 b2 
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limited for the wet-bulb readings. Thus the meteorological observations 
at the upper station are of the scantiest. Neither above nor below were 
the actinometrical readings so continuous as I had wished to make them. I 
had no one with me on the summit capable of rendering me the smallest 
assistance ; but it is some consolation to think that, even had this been 
otherwise, the results could not^ under the circumstances, have been mate- 
rially enhanced. 

There either did not exist, or I failed to detect, as the sun's altitude 
increased, anything like a uniform progression of actinic power at either 
station during the limited time in which the observations were continued. 

The results do little more than determine the ratio of the average inten- 
sity at the two stations for a portion of the forenoon. This indeed was the 
main object which I had in view. For looking at the experience of Prin- 
cipal Forbes under easier conditions, when the continuance of the observa- 
tions, as long as the clearness of the sky might last, presented no difficulty, 
I did not at all anticipate being able to trace a dependence of the actinic 
power on the hygrometric state of the atmosphere. He thus remarks 
(Bakerian Lecture, Phil, Trans, part 2 for 1842, p. 253) of the experiments 
on the Faulhorn and at Brienz, that '^ it cannot be affirmed they are suffi- 
cient to show the kind of dependence which the opacity has on the damp- 
ness, and that the values of the coefficient of extinction do not present any 
correspondence with the hygrometric variations;" and again, p. 268, ''It 
must be confessed that no evident relation to the hygrometric condition of 
the air appears in the individual observations." 

From the experiments of the 1 4th of July the actinic ratio between the 
summit of Mont Blanc and Chamonix, from 9'' ZV to 10'' 11"^ apparent 
time, presents, with a single exception, a gradual decrease from 1'244 to 
1*206. The interest of a comparison of these results with those which 
Principal Forbes obtained between the Faulhorn and Brienz is unfortu- 
nately diminished by the fact that his actinometer was not furnished with 
an internal thermometer for ascertaining the temperature of the liquid 
employed. This was ammonio-sulphate of copper, which has a coefficient 
of dilatation varying from 1 at 60° F., to 2-562 at 32° F., and 0-626 at 
100° F. His recorded numbers for three hours before and three hours 
after apparent noon derived from his freehand curve, are as follows : — 

Hour. Ratio. 

9 M41 

II 1-345 

1 o 1-078 

2 1»907 

3 1-217 

At 10^' on the Faulhorn the ratio seems to have been rapidly increasing ; 
on Mont Blanc it was slowly diminishing. The actual amount of the 
ratio at 10^^ is almost exactly coincident in the two cases ; but at 1 1^ on the 
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Faulhorn it was 1*345, a value mucli higher than any which was ohtained 
at any time on Mont Blanc, or seemed likely to have been obtained at that 
hour had the observations been continued so long. "What share the greater 
depression of the lower station in the experiments of 1832, the more com- 
plete isolation of the upper station'-in those of 1866, or variable atmospheric 
conditions in both sets may severally have had in contributing to this effect, 
remains a matter for future investigation. The respective heights of the 

stations are as follows : — 

English ft. English ft. 

^^!^^^^^^^ ^^^^1 Difference 6853 

Brienz 1946 J 

Mont Blanc .... 15784 j Dj^grence 12359 
(Jhamomx 3425 J 

Professor Forbes gives the numbers — 

f/!^^^^^^ ^747 1 Difference 6844. 

Brienz 1903 J 

The sky during the observations was not only cloudless, but, as seen from 
the summit, remarkably clear. 

The observations have all been reduced by means of Tables derived from 
Gmelin's ' Chemistry,' vol. i. p. 231, to what they would have been had 
the mean temperature of the liquid during each minute been 32° F. 

By a prolonged and careful comparison of actinometers (K) and (A), 
the factor for reducing the indications of (K) to the standard of (A) was 
found to be 1*29 . 

Considerable practice is necessary to acquire expertness in the use of the 
actinometer employed. It is desirable, as nearly as may be, to work it at 
such a temperature that the rise in the sun may be equal to the fall in the 
shade. If the mean of the two mean temperatures of the liquid, in taking 
the shade observations which precede and follow a given sun, differ much 
from the mean temperature of the liquid during that sun, a sensible error 
will be introduced. This, however, is to a great extent eliminated by taking 
the mean of three, and still more completely by taking the mean of five 
successive actinic results in column (I). 

The difficulty of using the instrument was overcome by the kind coope- 
ration of several friends for the Chamonix observations. To the good 
offices of my cousin, Mr. G. F. Hodgkinson, were added those of a lady, a 
worthy sister of one of the foremost mathematicians of his year, and her two 
nieces. Under her auspices an admirable arrangement of the work was 
made, by which each of the party was responsible for a precise and definite 
function, the adjustment and direction of the instrument, with the shading 
and unshading, the watch, the readings, and the records. To this friendly 
and efficient help I am greatly indebted for whatever success has been 
achieved. How small this is, no one can be more sensible than myself; 
yet I venture to hope that when the difficulty of the undertaking is con- 
sidered, to those at least who are acquainted with the experience of Prin- 
cipal Forbes in 1832, 1841, and 1842, as given in his Bakerian Lecture, 
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the results will not appear either disappointing or discouraging. The 
season was extremely unfavourable for the further prosecution of the work. 
Looking to the imperfection of the instrument employed by Principal 
Forbes in his observations in 1832, it would seem to be highly desirable 
that his experiments on the column of air between the Faulhorn and 
Brienz should be repeated, and that other pairs of stations, intermediate 
in character to that and the Chamonix pair, should be essayed. I have 
selected, in the hope of future opportunities, the following among others :— 

English ft, Englisli ft. 

Becca di Nona 10384 1 -r.-jQ[? o^■.^- 

>■ Difference 8415 

XjLvOvCI* ««ea««ftao«a« J. J? vJ ^7 J 



and should the Piz Stella prove readily accessible 
Chianenna 1319 



Difference 9856 



While simultaneous observations at several adjacent stations of progres- 
sive heights are much to be desired, it should not be forgotten how largely 
the condition of simultaneousness at even only two stations adds to the 
difficulty of the work. And the question arises, whether detached readings 
of the actinometer (with the accompanying meteorological lacts) taken at 
various points, as opportunity offers, may not be encouraged with advan- 
tage. An accumulation of these, carefully reduced and tabulated, could 
hardly fail to be valuable ; and they may be obtained with comparative 
facility. It would indeed only be prosecuting these observations as we do 
those of atmospheric temperature and pressure. In process of time we 
might hope to obtain the mean actinic power at stations of various heights 
and circumstance for different altitudes of the sun. 

Since the scale of each actinometer is empirical, in order that observa- 
tions with different instruments may be comparable, a standard of reference 
is necessary. If such a standard were kept at Kew, and each instrument 
employed were marked with a factor of reduction, ascertained by careful 
comparison, a great encouragement would be afforded to actinometry ; 
nor can any material progress in that department of observation be looked 
for until some such arrangement is made. The actine-standard of Sir J. 
Herschel can hardly be said nov/ to have been preserved ; to recover it, 
a careful set of observations under a vertical sun would be necessary; 
and since an arbitrary standard, which may be assigned without any such 
trouble will answer every purpose, it seems best at once to resort to this. 

I would venture, in conclusion, to couple with my thanks to the Com- 
mittee for their kind encouragement, an earnest recommendation that mea- 
sures be taken to provide a standard actinometer accessible for comparison, 
under such regulations as may seem best to them, 

I have the honour to be. Sir, 

Your obedient Servant, 

George C, Hodgkinson. 
November 27, 1866, 
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Summit of Mont Blanc^ July 14, 1866, Actinometer (K). 
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The recorded numbers denote tenths of the scale which is divided to 
millimetres, the last figure being assigned by estimation. 
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Chamonix, July 14, 1866, Actinometer (A). 
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Table (conti7inect). 
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The recorded numbers denote tenths of the scale which is divided to 
miUimetres, the last figure being assigned by estimation. The numbers in 
column L are the means of the five nearest numbers in the preceding 
column when not less than two observations precede and follow the one 
against w^hich the average number is placed, otherwise the mean of the 
three nearest numbers. 
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Comparison of Results^ Summit of Mont Blanc and Chamonix. 
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Meteoroloofical Observations on summit of Mont Blanc and at Chamonix, 



o 



July 14, 1866. 
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Appendix (A)„ 

Description of the Actinometer. 

The actinometer employed consists of a thermometer with a spherical 
bulb one inch in diameter, and a tubcj of which an inch and a half next the 
bulb is, for a reason which will presently be apparent, left unsealed. The 
succeeding ten inches is made to represent, as nearly as may be, the range 
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from 40*^ F. to 45° F. At eleven inclies and a half from the bulb the tube 
is widened, so that the following inch and a half may represent the range 
from 45° F. to 115° F. The tube then finishes in a spheroidal chamber, of 
which the diameters are about an inch and half an inch. The widened 
portion of the tube may be dispensed with, as the correction which it serves 
to ascertain may be otherwise found by means of a Table experimentally 
constructed for each instrument. In that case the spheroidal chamber, in 
which the tube will then terminate at eleven and a half inches from the 
bulb, should be made somewhat larger. The fluid employed is alcohol 
coloured with a drop of pure aniline -blue. A considerable quantity of air 
is left in the chamber. As a running column has to be read at a particular 
instant, great plainness is the first requisite for the scale. On this account 
graduation on the tube has not been adopted ; but at an inch and a half 
from the bulb is attached an ivory scale, nine-tenths of an inch broad and 
eleven and a half inches long (or somewhat less if the widened tube be dis- 
pensed with), its other extremity coinciding with the commencement of the 
spheroidal chamber. This scale is graduated throughout in millimetres. 
The number of millimetres corresponding to each degree Fahr. on the tube 
of narrow bore, and to every fifth degree from 45^ to 115° on the widened 
tube, should be noted on the back of the scale. 

The principle of the instrument is the same as that of Sir J. Herschel's ; 
and it is to be worked according to the directions given by him in * The 
Manual of Scientific Enquiry.' It was devised for mountain use, where the 
weight of the Herschel and the fragility of its internal thermometer are 
elements of difficulty. It has also the advantage of being less costly. The 
air-chamber is made to serve the purpose of the screw in the Herschel, viz. 
that of altering at will, according to circumstances, the range of the ther- 
mometer. This is effected by throwing off into the chamber a greater or 
less quantity of fiuid, retaining it there by holding the instrument with the 
chamber end somewhat lower than the bulb, and working with the remain- 
ing column. As alcohol expands unequally between its freezing- and boiling- 
points, a small correction is necessary, depending on the temperature of the 
alcohol at the time of working, This temperature is ascertained by noting 
the point in the widened tube, at which the column stands, when the fiuid 
is thrown off into the chamber. The excess of this temperature above 
45° F., the point from which the fluid is thrown off, has to be added to the 
temperature between 40° and 45° shown by the head of the working column, 
in order to have the true temperature. From the openness of the scale, 
and consequent small range of the instrument /or any one adjustment^ it is 
necessary to select for working a temperature not much removed from that 
at which the rise in the sun is equal to the fall in the shade. This tempe- 
rature, which may be called the temperature of equilibrium, will vary prac- 
tically, according to the solar intensity, from some 5° F. to 20° F. above 
the temperature of the surrounding influences. By driving the fluid into 
the chamber until the temperature of equilibrium is represented at a point 
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near the middle of the tube, the readings will go on for a considerable time 
without altering the quantity of fluid in the chamber, and ten inches of 
graduation are found to be ample under all circumstances. By thus taking 
all the readings, so to speak, on the balance, a uniformity of proceeding 
is secured, which is not without its value. The instrument, constructed 
according to the dimensions here given, will denote the intensity of the 
noonday sun at the summer solstice near the sea- level in England by about 
100 divisions of the scale. 

Owing to the difficulty of shading satisfactorily, and anomalies found 
to occur in observing among the snow-fields on the high crests of the 
Alps, the following contrivance has been adopted : — 

A plain telescope-tube of bright metal, 18 inches long and 2| inches in 
diameter, open at both ends,, is pierced in its central section with a circular 
hole li to 1-J- inch in diameter, from which springs a flanged shoulder 
projecting about -J- inch to receive a perforated split bung, which clasps the 
thermometer- stem and holds the bulb firmly in the centre of the axis of 
the tube. Two caps, fitted at the ends with clean plate-glass, are made 
to slide off and on at the two ends to admit of the glasses being readily- 
wiped. By protecting these with a little wadding, the tube serves as a 
case for two actinometers. In the central section of the tube, made by a 
plane perpendicular to its axis, and nearly 90° from the centre of the cir- 
cular hole, is a screw to attach the tube to an altitude and azimuth motion, 
by means of which it may be kept constantly directed towards the sun. 
Below the joint is provided means of attachment to an alpenstock or ice- 
axe. The shading is effected by means of a loose-fitting cap, bottomed by 
a chamber with air-holes. The shadow of the large thermometer-bulb on 
the lower glass, or on a plane held beneath it, is a guide to a perfect ad- 
justment in the working of the instrument. 

IL ^^ An Eighth Memoir on Quantics.^^ By Professor A. Cayley^ 

F.R.S. Eeceived January 8j 1867. 

(Abstract.) 

The present memoir relates mainly to the binary quintic, continuing the 
investigations in relation to this form contained in my Second, Third, and 
Fifth Memoirs on Quantics ; the investigations which it contains in relation 
to a quantic of any order are given with a view to their application to the 
quintic. All the invariants of a binary quintic (viz. those of the degrees 
4, 8, 12, and 18) are given in the memoirs above referred to, and also the 
CO variants up to the degree 5 ; it was interesting to proceed one step 
farther, viz. to the covariants of the degree 6 ; in fact, while for the degree 
5 we obtain three covariants and a single syzygy, for the degree 6 we ob- 
tain only two covariants, but as many as seven syzygies. One of these is, 
however, the syzygy of the degree 5 multiplied into the quintic itself, so 
that, excluding this derived syzygy, there remain (?— 1=) six syzygies 



